Traditional methods of evaluation have not been very successful in accounting for non-transport benefits resulting from transport investments. But increasingly, these factors are becoming more important in well-developed transport networks as the effects of additional links or capacity cannot be justified in transport terms alone. This paper brings together the evidence at three separate levels arguing that there are different impacts that must be investigated at different levels with appropriate methods. At the macroeconomic level, regional network effects can be identified, as can the impacts on the economy as measured through changes in output and productivity. At the meso level, the impacts relate more to agglomeration economies and labour market effects, with some additional network and environmental consequences. At the micro level, the impacts are determined by the land and property market effects. All these impacts are in addition to the transport effects as captured in CBA, but it is these non-transport impacts that are becoming increasingly important in major transport decisions. Examples of rail investment are given for each of the scales of analysis, and conclusions are drawn on the future directions and challenges for the quantification of the effects.
INTRODUCTION
Rail is undergoing a remarkable renaissance with substantial new investments and increases in demand. Although still a relatively "minor player" in the overall picture, it has a key role to play in city, national and international travel. It is seen to be fast and convenient, with a quality that is matched only by the car. It is also seen as being environmentally less damaging than other forms of transport, as it is powered mainly by electricity and has a lower carbon profile than all other motorised transport and at present does not suffer form the problems of security. The recent growth in rail travel in the EU25 and the UK can be seen in Table 1 .
However, when it comes to making decisions about investments in rail systems, the limitations of the traditional methods of Cost Benefit Analysis (CBA) are apparent, as the construction, maintenance and operating costs are high, and the transport benefits, mainly in the form of travel time saving, are limited. This is partly a problem of dense networks found in many cities and developed countries where the addition of a new or upgraded link does not make a major change in accessibility (Banister and Berechman, 2000) . In addition, there are often substantial cost overruns and the demand forecasts are overoptimistic (Naess et al, 2006) . Given the limited impacts in terms of accessibility changes and the high costs and risks associated with rail investments, it is not unsurprising that there has been reluctance about committing substantial resources to new projects. It should also be remembered that the final decision to proceed with a major new investment is a political one that is taken by Government. The technical appraisal carried out within the transport sector or the wider economy is only a part of that process. Notes: The fall since 1990 is mainly due to Poland where passenger travel by rail has declined from 50.4 Mpkm (1990 ) to 17.9 Mpkm (2005 . The UK figures show an increase of 40% over the 35 years, with 28% of this occurring in the last 15 years.
The current approach to rail appraisal tries to include all the quantifiable transport costs and benefits (Table 2) . It should be remembered that the benefit cost ratio is still the dominant factor, as monetary values are now placed on as wide a range of impacts as possible (SDG, 2004) . Decision making uses appraisal as part of the wider overall evaluation process, but it should be noted that the transparency of the whole may be less than that of its parts. For example, the wider economic effects discussed in this paper may also influence decisions, but they are not fully accounted for in the evaluation.
The verification of the appraisal methods requires ex post validation, but this is rarely undertaken, and where comparisons have been made the methods have been seen to be optimistic on both the demand forecasts and the levels of costs (Flyvbjerg et al, 2003) . To some extent this problem is now addressed through the greater use of risk analysis and optimism bias that moderates demand and costs estimates according to the levels of risk that the decision maker is prepared to make (Flyvbjerg, 2004) . Table 2 summarises some of the main issues in rail appraisal in the UK, but more detail can be found in Vickerman (2000) and Simmonds and Banister (2007) .
Increasingly, it is difficult to justify new rail investments on traditional CBA, which just looks at the transport elements through changes in user benefits such as travel time, increases in accessibility and other environmental benefits. But it must be remembered that the transport benefits should always be the main outcome of a transport investment, otherwise there are questions about the opportunity costs of the capital used and whether the traditional CBA is really an appropriate method when many of the benefits occur to non transport activities (Banister and Berechman, 2000) . Before such a conclusion can be drawn, there needs to be a clearer understanding of the potential for non transport benefits from rail investment. This paper explores this potential at three different levels and through three case studies that help illustrate these levels. It then comes to conclusions about whether the current methods need to be rethought.
Table 2: Current Appraisal Methods for Rail in the UK
Financial Appraisal is used to estimates costs, revenues and other sources of income (advertising, retail etc), together with a risk analysis and the tax implications of the investment. This is a commercial assessment.
Cost Benefit Analysis is used to determine ex ante whether a particular project represents good use of economic resources -this is now part of the New Approach to Appraisal -this is a form of multi criteria analysis and consists of the following elements for rail appraisal (NATA, DETR, 1998) -see www.webtag.org.uk . Table - showing the impact of the project on all sub-objectives.
Appraisal Summary
2. An assessment of every NATA sub-objective including worksheets for each, a statement of Transport Economic Efficiency 1 and the impact on the Public Accounts. 3. Costs and Benefits -this is a market assessment subject to two adjustments: shadow prices are used for some variables and cost estimates are adjusted for risk and optimism bias. 4. Economic Impact Report: This is an assessment of the extent to which the project contributes to local and regional objectives. 5. Supporting analysis, including distributional and equity analysis, punctuality and public acceptability, affordability and financial sustainability.
Non-market impacts for rail travel include: 1. Journey time savings, frequency, reliability and punctuality 2. Crowding and congestion 3. Interchange requirements, including disabled access and cycle facilities 4. Rolling stock and stations, including information and ticketing 5. Safety and passenger security.
Based on DfT (2007) 1 Transport Economic Efficiency is where existing house prices rise and new housing developments become viable as a result of better transport. http://www.dft.gov.uk/pgr/regional/policy/cif/communityinfrastructurefunda3716
LEVEL 1 -MACRO ECONOMIC EFFECTS -IMPACTS ON ECONOMIC GROWTH
Many studies have tried to establish a statistical link between infrastructure investment and economic growth (or GDP), some indicating very substantial rates of return. Two main criticisms have been raised. One concentrates on the assumption that output increases (GDP) and input (rate of investment in infrastructure) is not influenced by other factors that are not included in the analysis. The second is whether a statistical relationship implies causality and also the direction of that causality -whether growth leads to additional infrastructure investment, or whether investment leads to growth, or whether there is an interaction effect.
The classic work on the linkages between public infrastructure investment was carried out in the US by Aschauer (1989) , where positive effects on economic growth, on private capital and labour productivity were all identified over a period of time. But the key issue here is the unravelling of the linkages, so that it is clear what can be concluded as predictable correlations and what is still unconnected or remains as uncertain relationships (Banister and Berechman, 2000, p20) . The results from the production function analysis may overstate the scale of the expected impacts of public infrastructure investment, but the links between public investment in infrastructure and economic growth and private capital productivity are important concerns for analysis (Munnell, 1993) . The use of aggregate time series data on employment growth and productivity to changes in infrastructure investment has been comprehensively covered in the literature (Gramlich, 1994) .
Most recently, this type of analysis has been used in the UK to determine elasticities of productivity with respect to measures of agglomeration (Graham, 2005 (Graham, , 2006 . A two stage process was used to establish the effects of agglomeration on productivity and then the impact of transport on agglomeration. A production function approach has been used that relates output to labour and capital inputs, with overall elasticities of productivity being estimated for nine English regions and nine industry sectors -the overall value for all sectors in England was 0.043 (DfT, 2005) .
The SDG report on High Speed Rail (2004) concluded that none of the countries studied (UK, Japan, Germany, France, Spain, Italy and Australia) have attempted to analyse explicitly the net impact of high speed rail programmes on the national economy (para 2.34). The current practice in the UK is to assume that this net effect on the "real economy" is zero at the national level after allowing for displacement and other effects. The assumption embedded in this approach is that transport only has a limited effect on overall economic efficiency and does not enable growth in GDP and employment. It affects the location of economic activity, but not its scale or efficiency (Banister and Berechman, 2000) . The crucial issue of additionality is central here. The argument developed by Banister and Berechman (2000, p318) suggested that if economic and investment conditions were positive, as well as the broader political and institutional conditions, then economic development might take place as a result of transport investment. But the transport investment on its own was not a sufficient condition for that development. There are other more cost effective ways of promoting economic development than investing in transport.
The view in the EU is somewhat different as it is maintained that there will be growth in GDP resulting from the Trans European Networks (TENs), as this would add 0.25% to EU GDP and 0.11% to employment over 25 years (European Commission, 1997) . Such estimates have been based on computable general equilibrium (CGE) models (Oosterhaven and Knaap, 2003 and Brocker, 1998) . The CGE models are comparative static equilibrium models of interregional trade and location, with utility and production functions driving the process. Estimations are required at the regional (or national) level of consumers' and producers' substitution elasticities. There are possibilities to model economies of scale, external economies of spatial clustering, and the process of substitution of capital, labour and energy inputs for firms, and different consumption patterns for consumers.
There have also been substantial efforts at trying to account for some of these wider impacts in the standard land use and transport models (Simmonds and Banister, 2007) . Modelling and appraisal methods are developing but most are only carried out ex ante, with only limited evidence or analysis of the ex post situation (SACTRA, 1999) . The wider non transport benefits can now be included in a variety of large scale national and regional modelling exercises, where the outputs are a range of different productivity elasticities that can be used to measure economic growth. This is illustrated in Case Study 1. The acceptance of these benefits acknowledges imperfect market conditions. As noted in SACTRA (1999), theoretical arguments point to the equivalence between consumer surplus analysis and wider economic analysis, under conditions of perfect competition with no external distortions.
Case Study 1 -The Channel Tunnel Rail Link (CTRL) in London
The Channel Tunnel opened in 1994 with the promise that there would be high speed rail links to the tunnel entrance on both sides. On the UK side London and Continental Railways (LCR) won the contract in 1996 to build and operate the 109km new high speed line. In 1998 the contract was renegotiated as a public private partnership with the Government taking ownership of the CTRL, and LCR having a long term lease to operate the services to 2086 (DfT, 2006) .
The first section of the CTRL was opened in September 2003, from the Channel Tunnel to South London (near Swanley) and this has resulted in an increase in passengers to 7.85m (2005) , with sales and punctuality also improving (Figure 1 The DfT analysis gave a Benefit/Cost Ratio (BCR) of 1.4:1 based on the substantial international transport benefits resulting from the UK rail network now being joined to the rest of the EU HSR system. But when more cautious assumptions were made, with lower levels of demand and less weight given to international travel, together with higher costs, the BCR was reduced to 0.5:1. The regeneration benefits may be substantial as 100,000 jobs will be created in the corridor and substantial numbers of new homes (50,000) will be built near to the four intermediate stations (St Pancras, Stratford, Ebbsfleet and Ashford). The CTRL as an international rail link with its three intermediate stations will have some impact on this regeneration, but it is likely to be heavily concentrated around the stations, and in certain types of activity (PAC, 2006) . The problems of measurement and the estimation of the time over which any benefits might accrue have yet to be determined. The possible wider benefits to the UK economy as a whole also need to be considered.
LEVEL 2 -MESO ECONOMIC EFFECTS -IMPACTS ON AGGLOMERATION
At the meso level, the concern is to establish the non transport benefits on the local economy. This is conventionally seen to be linked closely with agglomeration effects, labour market imperfections, network economies and environmental effects.
Agglomeration economies are benefits result from their geographical proximity of firms to each other, and economies can arise from intra-firm scale and scope economies at a location, or from inter-firm externalities (Chinitz, 1961) . Inter-firm externalities can result from better accessibility to local public goods, from the use of shared input factors, from technology and information spillovers, or from access to a wider trained labour market. Agglomeration benefits increase with the level of spatial proximity and concentration, and transport contributes to the level of concentration and density through firm's (and people's) decision to relocate from lower to higher productivity areas (Banister and Berechman, 2000, p168) .
A second factor relates to the labour market and the levels of participation in the labour force and the choices made about the allocation of time to work and non work activities. These two elements are in turn linked to individuals' preferences, household constraints (other workers and children), institutional arrangements (labour laws), and market entry barriers (information and knowledge). The last two components represent labour market imperfections, as they both affect the supply of labour and the participation levels. Improved levels of rail accessibility at the urban level will have an impact on the numbers of people entering the labour market and whether they are prepared to work longer hours.
Investment in rail may also lead to network economies, as a new link results in increased demand across the network as a whole, or a new link might connect two separate networks (e.g. the Channel Tunnel). In each case the overall impact is greater than the impact along the new link itself. Benefits here might include a lowering of monopoly rents and deadweight losses through increases in competition between the two regions that were previously separated (Jara-Díaz, 1986 ). But as with the accessibility analysis, care needs to be taken over whether these benefits are additional to the transport time savings. Current practice (DfT, 2005) values these benefits as zero.
Finally, there are environmental externalities that are not priced or fully internalised, and this might lead to the misallocation of funds. These environmental costs are often seen as negative benefits and can be included as an indirect cost of transport infrastructure investment that may inhibit growth. Rail investments are generally seen as being more beneficial environmentally then other types of transport investments, but even here the price paid by users should reflect full marginal social costs (this is the social equilibrium).
It is at this meso level that much analysis has been carried out, in particular to test for agglomeration effects (Graham, 2006) and labour market effects Paaswell, 1983 and on the Buffalo Light Rapid Transit system and in New York City. There is still some debate over whether competition or the threat of competition should be included in the analysis (currently assumed to be zero), as the new link has an impact on the network. There is also a debate over how imperfect competition in transport using industries should be treated, where there are increasing returns to scale (DfT, 2005) . Currently a value of 10% is used to allow for imperfect competition (DfT, 2005) , and this is calculated on the business time savings and on the savings from improved reliability of business travel. Progress is being made in the sense that some values are now being included in the non-transport benefits analysis, but there is still considerable uncertainty over the level at which these factors should be valued. As noted earlier, these non-transport benefits are likely to become more important in the future, and the impacts can be seen in the Crossrail case study.
Case Study 2 -The Crossrail Line(CL) in London
This is a new full-sized rail link across London form Maidenhead and Heathrow in the west to Shenfield and Abbey Wood in the east, with seven central area stations ( Figure  2 ). The undiscounted capital costs (2002) are £10.2b, including risk and contingency. The CBA gives a BCR of 1.8:1, which is reduced with a higher optimism bias to 1.63:1. The CL is currently being considered by the UK Parliament, but a decision is likely to be made by the end of 2007 to invest in the project with Government paying a third, Transport for London paying a third and a tax on London businesses making up the other third. The wider economic benefits are its major impact on London's Finance and Business Services (FBS) activities in the three separate locations -West End, City and the Isle of Dogs -where agglomeration and higher levels of productivity associated with Central London employment are likely, particularly in the FBS sector where there is a tendency to cluster. This widening of the labour market area will lead to more competition between businesses and lead to greater efficiency and innovation, which in turn will result in specialisation among support services. Other impacts might be to raise rent levels and property values (Section 4) or help maintain London's position as a global city (Section 2). Such impacts are becoming increasingly important where networking within a knowledge-based economy is seen as being central to innovation. Such an argument is difficult to capture through economic measures, but it relates closely to increasing returns to scale through agglomeration and the elasticities of productivity resulting from higher employment densities, particularly in the FBS sector (Fujita et al, 2000) . It is estimated 2 (CTRL, 2005) that Crossrail will add 5,000-13,000 central area jobs (2016), rising to 23,000-40,000 central area jobs (2026), giving a total increase in productivity of over £10.77b. This figure should be interpreted very carefully, as some of these productivity benefits should be offset against the costs of travel included in the economic appraisal, but there will be some additionality resulting from the higher productivity. In the Crossrail study, it was estimated that at least 30% of this figure should be included as this is related to the increases in direct tax resulting from higher output (including income tax, national insurance contributions and corporation tax).
In addition to productivity gains from new jobs there are also the agglomeration benefits to existing jobs resulting from an increase in employment density. The benefit here is equivalent to any increase in output as there are no additional commuting costs to offset the productivity gains. The value used in the analysis was £100 per job per annum, giving a present value of £3,094m for all jobs (Graham, 2006) .
Other benefits include the increased labour force participation rates that result from lower commuting costs. The latest DfT guidance gives a figure here of 21% of the time savings for commuters, but there is no net gain to the individualcompensate for operations of businesses under conditions of imperfect competition (SACTRA, 1999) . These are economic benefits not captured in standard appraisal.
In summary, the estimates of the wider economic benefits resulting from Crossrail are substantial. Considerable care has been exercised in minimising the potential for double counting with the emphasis on tax benefits resulting from the investment. But even here, there are numerous assumptions made and it is essential to carry out benefit sensitivity tests, together with detailed comments on the elasticities used. This resulted in a range of welfare benefit values from £4.66b (all low) to £12.3b (all high), suggesting that there may be substantial benefits, irrespective of the assumptions used. The net effect is that the BCR is increased from 1.8:1 (with the transport analysis) to 2.6:1 (with the transport and the wider economic benefits), giving a much higher value for money. Notes: Agglomeration elasticity: city size and productivity 0.059 for Central London. The range tested was from 0.04 to 0.075. Productivity growth was assumed to be 1.75% per annum, less than the Treasury figure of 2% per annum. The range tested was 1.5% to 2% per annum. The additional jobs tested were in the range of 10,400 to 22,700 (2016) and 12,900 to 40,300 (2026). Much of this section is based on the analysis of Graham (2005 and for the DfT (2005) .
LEVEL 3 -MICRO ECONOMIC EFFECTS -IMPACTS ON LAND AND PROPERTY VALUES
It is at the most local scale that the non-transport benefits can potentially be measured with a reasonable level of confidence, as many of the wider economic effects can be controlled for. But even at this finest level of analysis there are substantial conceptual and empirical barriers. An extensive review of the literature on property values and public transport (mainly rail) investment has been carried out (AtisReal et al, 2002) , with seven key conclusions being drawn:
1. Location -Each study is different and the bringing together of results in the review has been difficult. It requires a greater depth of investigation that looks at data, definitions, methods and actual cases to unravel what effects can be attributed to the transport investment. This means that knowledge must be built up from a series of carefully constructed case studies. The effects are not uniform, but variable in scale and location. This suggests that the whole corridor ought to be investigated, rather than a concentration on individual stations or stops (Chestertons, 2000 and .
2. Time -The treatment of time is important in all studies, as changes will take place in land and property values in advance of the completion of the transport investment as developers and house builders will invest in the expectation of improvements in the transport infrastructure. McDonald and Osuji (1995) estimate 17% uplift in residential land values took place within half a mile of station sites in anticipation of the Chicago to Midway airport rail line opening. Effects might also be expected immediately after the transport investment is opened, and further in the future as the full benefits are recognised. Ideally, data should be available from before the decision to build was taken, prior to opening, and immediately after opening, as well as downstream. A continuous database is ideal, but data are needed for at least these four points in time.
3. Catchment areas -The impact area for residential developments seems to be wider than those for commercial developments. Depending on the investment, residential impacts could extend to 1000m, whilst those for commercial developments are likely to be concentrated in a 400m radius. This relates to the distances that people are prepared to walk (AtisReal et al., 2002 , Table 3 ). There is also some evidence that residential property prices might be depressed immediately around the transport investment or station, as they are subject to increased noise and higher levels of crime (Bowes and Ihlanfeldt, 2001) . Most studies seem to take a series of key thresholds as inputs to the study for where different types of impacts might be found (for example, Riley, 2001; Pharoah, 2002; and Wright and Wyatt, 2001) . Only a few used the data to define the range of distances away from the transport investment at which impacts might be found (for example Nelson, 1999; Landis et al., 1995 and Lewis-Workman and Brod, 1997) .
4. Scale of Investment -Smaller investments mainly affect the accessibility of localities, but it is the larger investments that impact on the property market (Colin Buchanan and Partners, 2003) . Most of the research has concentrated on urban rail systems, which offer the best opportunities to test for the property market effects (Wrigley and Wyatt, 2001 ). In addition to the property market analysis, it is useful to carry out an accessibility analysis so that changes in values can be related to accessibility changes (Cervero and Duncan, 2002) .
5. Attribution of impacts -It seems that the contextual situation is important and should be seen as an input to any analysis. Similar transport investments will have different impacts in locations where there is a vibrant local economy and where the economic conditions are less advantageous. Other complementary actions may also be needed in an area to make a measurable impact in terms of value uplift. Contextual analysis is also necessary in terms of time series analysis, as other time-related factors (such as changes in house values and the building and economic cycles) need to be controlled. Value uplift has tended to be looked at in a rather narrow way, mainly through changes in property values. Where possible, a wider range of measures should be used. These would include changes in accessibility, ownership patterns for land and property, site consolidations, numbers of transactions and yields, as well as composite measures such as density of development.
6. Methods used -Hedonic pricing (HP) is the generally preferred approach adopted to identify and isolate the property market. The main difficulty with HP is the means by which it handles spatial data, as distance thresholds are normally used to determine the impact on property values (Cheshire and Sheppard, 2003 and Gibbons and Machin, 2005) . A more spatially sensitive approach using Geographically Weighted Regression (GWR) within the hedonic framework is outlined in Annex 1 and used in the London Jubilee Line Extension (JLE) case study.
7.
Data -This is crucial to the successful measurement of local impacts of public transport investment. Data are required on the actual transactions that have taken place over a period of time within the 1000 metre threshold. Ideally, this means individual property transaction data, but there are often confidentiality limitations here, even though the data are only presented as aggregations of property values as surfaces. The two main sources in the UK are the HM Land Registry data (residential) and the Valuation Office Data (residential and commercial), each of which is available at the unit postcode level and were used in this study (Annex 2).
This review material was used both as constraints to the analysis and as a guiding framework within which a methodological approach could be developed (Figure 3 ). There are direct increases in demand resulting from the rail investment, but the real interest is in "unpacking" the upper part of the schema in terms of the impacts on the land and property markets. Further development land may be released with particular locations (near to stations) having premium values placed on them. A causal chain has been established to show how rail investment might influence the land and property markets, but even here the contextual conditions are also important as external factors.
As with all of the non-transport benefits identified in this paper, it is acknowledging that similar rail investments in different locations will not necessarily have similar impacts. It recognises the uniqueness of the geography, but also the necessary conditions for positive externalities to occur.
Figure 3: Schema of the Structural Relationships
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Note that businesses may be trying to minimise costs whilst maintaining competitiveness and market share -there is a trade off between accessibility, cost of land/rents and other costs.
In summary, a considerable amount of research is available that covers the effects of rail investment on land and property values. Much of the interest in the US has been on the commercial property markets, and it seems that the quality and availability of data from North America is good and allows the use of more sophisticated methods, including Duncan, 2002: Diaz, 1999; McDonald and McMillan, 2000; and Kawamura and Mahajan, 2005) .
The evidence from the UK and Europe is more varied, but does include individual case studies and comprehensive reviews. There seem to be less time series or repeated cross sectional data available for analysis. The use of more simple indicators such as transactional price analysis, growth assessment and projected rateable values has been explored. Until recently, UK and European research has tended to concentrate on the transport impacts in terms of more traditional changes in demand patterns and the switching of travel to the new mode. There has been less interest in the non-transport effects such as the property market effects. But this has now changed, with much of the recent work from key researchers and the property market sector itself being concentrated on the land and property value uplift effects of transport. This work has concentrated on the residential sector, where there is reasonable quality data from the HM Land Registry, the Valuation Office and other agencies (Armstrong, 1994; Dabinett, 1998; Henneberry, 1998; Laasko, 1992; Hillier Parker, 2002 and Gibbons and Machin, 2005) .
Case Study 3 -The Jubilee Line Extension (JLE) in London
The JLE runs from Green Park in Central London to Stratford in east London and it was opened on 1 st January 2000, with 11 new stations extending the existing line a further 16kms (Figure 4) . In 2002 about 1.6m passenger kms were travelled on the JLE, saving some 14.4m hours in travel time. The original project was approved with a BCR of 0.95 and an expectation that there would be substantial (though unquantified) benefits from the regeneration of the South Bank and the creation of new jobs in Canary Wharf. Using current DfT guidelines, the JLE BCR is 1.75, even after allowing for cost overruns. The figures are given in the two Tables below for the transport and non-transport costs and benefits. All costs include investment costs prior to opening, together with provision for future expansion, renewals, rolling stock operation and maintenance. The net rail revenues are considered as negative costs within the appraisal. Travel time savings are based on actual levels of use, with a provision for increase when the frequency of the service is increased. The congestion relief figures have been increased to account for station crowding and wait times for JLE trains, whilst highway benefits have been conservatively estimated to be 14% of public transport user benefits (Colin Buchanan and Partners, 2004 Non-transport benefits include:
Employment -1998 365,000 2000 426,000 +17% as compared with 8% in Greater London New jobs were "high value, high productivity" type. No real changes in unemployment Growth in high employment density locations valued at £14.5b (2003 prices) to economic growth over 60 years (DfT, 2005) The Colin Buchanan and Partners Study (2004) estimated the wider benefits to be £6b (2003 prices), mainly from agglomeration benefits, and they suggested that land and property effects could exceed that figure. Property market effects -see Annex 2 for the detailed analysis of these two stations Canary Wharf +2.1b mainly through new completions in the commercial property sector Southwark +£80m mainly in the residential sector, within 500m of each station for commercial uses and 750m for residential uses. Note that the figures here summarise the impacts at 2 of the 11 new stations on the JLE -no estimates have been made of the total property market effects on all JLE stations, nor the effects on the wider London underground network.
COMMENTS AND CONCLUSIONS
There are several important conclusions that can be drawn from this analysis of the methods used and the three case studies cited. Three main issues will be highlighted here:
1. Scale is important and the types of non-transport benefits being looked for will vary accordingly, so it is important in the inception stage of the analysis to be clear what the nature and theoretical arguments are for the benefits being identified. It is probably logical to suggest that causality is harder to prove as one moves away from the local situation, and the impact of external factors are also more likely to be apparent at the larger scale. An unresolved question is whether to carry out analysis as all levels or just at one level. A composite three level analysis would be most comprehensive, but there may be problems of double counting the benefits. A more cautious approach would be just to focus on one level of analysis and examine that in detail, but establishing a clear set of evaluation criteria. 2. The network effects identified here may already have been picked up in part by the changes in accessibility, which are captured in the travel time savings. The problem here is whether the network effects create new activity or encourage a redistribution of existing activity. It probably does both, but even the possibility of redistribution to higher productivity locations suggests that other locations may lose labour needs to be considered. The question is about additionality and whether analysis should explore the increases and changes in activity or look at the net effects on the local economy. 3. The non-transport benefits do seem to be becoming increasingly important, particularly in cities and countries where there is already a high rail network density making additional links unlikely to contribute to substantial increases in accessibility -even large scale new HSR connections. Real progress is now being made into exploring the means by which they can be quantified. They seem to be providing a higher proportion of the BCR in all three of the case studies cited here, but the underlying question must be how much of the overall benefits should be attributed to transport. Certainly, it should be more than a half, as otherwise it is not really a transport investment, but should it be over 60% or even 70%? The DfT (2005) recommends values over 2.0, and this is reached for the CL scheme and the JLE scheme when the updated figures are used, but not by the others, even with substantial non-transport benefits. The issue of the proportional split between the transport and non-transport benefits is given in the last column where there is a range from only 25% in the case of the CTRL to 70% for the CL.
It is important to note that all costs and benefits are included in rail investment appraisal as substantial sums of public (and private) money is being committed to projects, that have in the past been subject to substantial cost overruns and optimistic forecasts of demand. Increasingly, the transport case for rail investment is being reduced, as additional links by definition add less to the network as that network develops. New investments are now tending to duplicate existing routes as this is where the demand is greatest, and competition is taking place on the quality of the service being provided. Nevertheless, there do seem to be substantial additional non transport benefits from rail investment at all three levels identified, but in particular at the meso and micro levels. Perhaps the main message here is to place rail investment (and transport investment more generally) within the context of the wider national, regional and local development objectives, so that the benefits and costs are not only seen in transport terms, but also in this wider context. This means a significant change in thinking away from sectoral analysis to one that tries to include a much wider range of impacts in a more holistic evaluation.
ANNEX 1: HEDONIC PRICING AND GEOGRAPHICALLY WEIGHTED REGRESSION
Hedonic pricing offers a powerful analytical approach provided that high quality disaggregated data is available for a series of points in time. It has been more widely used in the US literature Duncan, 2002 and Kawamura and Mahajan, 2005) . It was considered in the Hillier Parker (2002) study of Crossrail and by Chestertons (2002) study of the JLE, but it was left to Gibbons and Machin (2005) to apply hedonic pricing to the JLE in London. This study put a 9.3 percent premium on house prices close to the JLE stations (<2km) over the period 1997-2001, as compared with those further away, and a 1km reduction in distance to rail stations increases house prices by about 1.5%. These figures are substantially less than those estimates from the cross sectional estimates (Riley, 2001 and Jones, Lang and LaSalles, 2004) .
Property is an example of a differentiated good. The price paid for a property in the property market will be determined by the particular qualities or characteristics of its construction, environment and location. As with any market, the interacting forces of demand and supply determine the price that is paid in a particular property market at any point in time. The market will settle on a set of prices for the numerous varieties of the differentiated good that reconcile supply with demand. A hedonic price function describes how the quantity and quality of a property's characteristics determine its price in that particular market.
The value of real estate is the sum of a variety of construction-related and geographical factors, including, plot size, living area, room size, age and proximity to public transport facilities. Other factors may include the location of local schools, fiscal arrangements, infrastructure investment and the location of the property itself. The headline figures from a recent study carried out in Reading, for example, suggested that house prices for similar properties can be over 30 per cent higher in locations within the catchment area of the best primary schools (Cheshire and Sheppard, 2003) .
A regression analysis can be performed on the information available on property transactions where property price is the dependant variable and the physical and neighbourhood characteristics are independent variables. The results of the regression then provide information on how much change a given property attribute would affect the price of the property. These features make a positive (premium) or negative (discount) contribution to the price of a property. Cervero and Duncan (2002) in their study of commuter and light rail impacts examined the impact of four variables on the estimated price per square foot of individual "parcels" of land. It is interesting to note that they argued that the accessibility benefits were capitalised into land prices and not buildings. The four variables related to transport (using a measure of proximity of under 400m), the neighbourhood (using measures of mixed land use and the median household income), the location and regional accessibility (using access to jobs), and control (using measures of density and land use to reflect fixed effect variables). The relationships were significant, but only 30% of the variance was explained by these variables.
The immediate post-opening study of the impact of the JLE (Chesterton 2000) arrived at very similar conclusions. Less than 50% of the variance in property values was explained by the selected variables accounting for location characteristics within the catchment area, dwelling characteristics and walk time to stations. The study concluded that other variables not identified explained as much about price change as the ones identified. This was attributed to both the complexity of the environment in the JLE corridor and the insufficient quality of available datasets.
Provided that good quality data sets are available for several points in time before and after the transport investment, then HP provides a powerful set of methods for analysis, and the differential effects of accessibility on property values can be isolated. When individual transaction data are available at the individual property levels and geocoded to a sufficient level of detail (about 50m), it is possible to explore local proximity more effectively through innovative multivariate techniques.
Geographically Weighted Regression (GWR) is the statistical method of describing the relationship between a subject and one or more variables affecting it according to their geographical proximity. Rather than trying to fit a single global model, GWR produces multiple local results. In essence, multiple linear regression is carried out for each data point (or any set of predetermined locations) instead of the whole study area. For example, at point i the regression model is carried out on a number of points within a certain distance, d, from i. From each result a local model fit is obtained, and the process is repeated to get a new "local fit" at each point. In addition, the data points are weighted according to their distance d away from point i. A local zone (known as a kernel) is created, where for small scale spatial processes a radius of 250m can be used.
GWR
4 provides a local fit at multiple locations and a continuous model, as it can be used anywhere in a study region. This means that it is necessary to use continuous data as the independent variables so that at any point i, the relationship between the independent variable (such as property value) can be matched with independent variables, so that (Source: AtisReal and Geofutures, 2005) It also has the advantage of being visualised as data surfaces, with no assumptions being made about the local area in terms of boundaries or zones. Each data point is used as an input to the generation of surfaces. Consequently it does not suffer from statistical problems such as ecological fallacy 5 or the modifiable areal unit problem, as no zonal structure is imposed on the data.
To generate residential property value surfaces requires high quality transaction data at the individual property level for the whole period over which the investment is being monitored. The surfaces are themselves generated through spatial interpolation from the individual data points. The basic driving force is Tobler's first law of geography, which states that everything is related to everything else, but near things are more related than distant things. The degree to which objects vary by distance can be quantified, and it is important that there is spatial autocorrelation in the data. This concept is appropriate to the property market, as the value of a particular property are more likely to be similar to the property next door than the one some distance away. When valuing properties, the agents use that knowledge of the immediate local market to make estimates of the market values of properties.
There are two distinct families of methods that can be used to create data surfaces. The mathematically constrained techniques, such as Inverse Distance Weighting, assume that the degree of spatial autocorrelation decreases with distance, usually using a power function. Thus the height of the data surface at an unknown location can be interpolated 4 This section has substantially benefited from the input from Mark Thurstain-Goodwin and the Geofutures team who developed the application of GWR to the two station study in the JLE and managed to assemble the database (Annex 2). 5 When information has been aggregated, inappropriate inferences can be drawn on those individuals or the relationships between individuals. This is often done for spatial aggregation. The modifiable areal unit problem occurs when different aggregations lead to different results when using the same data. This problem can also occur when different boundaries are used for the data, so that it is the areal units that determine the results, not the data itself. by calculating the average values of nearby locations where values are known, with those that are closer to the unknown location having a greater influence on the interpolated data. The second family of methods takes a more statistical approach, which uses the data themselves to determine the distance decay function rather than a value being assumed in advance. The best known of these is Kriging, which was originally developed for the South African mining industry, but has also been used in property market analysis (Sibert, 1975 and German et al., 2002) .
Data resolution -To undertake analysis of this type, it is essential that detailed datasets are used. Ideally, property market information and associated explanatory variables, such as environmental amenity, would be available at the building level, whereby they can be converted into detailed data surfaces. Unfortunately, data are rarely available at this resolution, and in the UK, the datasets offering the highest possible granularity are georeferenced at unit postcode level, an (x,y) coordinate summarizing the spatial average of between 10 and 15 properties. Within this level of 'support' the output data surface will tend to be accurate enough to reveal localised patterns in the underlying data.
ANNEX 2: THE RESULTS FROM TRANSPORT FOR LONDON JUBILEE LINE EXTENSION STUDY
The Property market
The aim of the GWR analysis was to determine what proportion of the total property value uplift of could be attributed directly to the JLE between its opening in December 1999 and December 2002 (Atis Real and Geofutures, 2005 . The first stage of the analysis was to effectively map property values for both the residential and commercial property markets across the study region during the study period. Essential to the success of the study was accessing detailed property transaction information from the UK's Valuation Office Agency (VOA). The VOA maintains a record of all property transactions in England and Wales. The study team was allowed access to a portion of this dataset including the London Boroughs through which the JLE passes -Lambeth, Southwark, Greenwich, Tower Hamlets and Newham. Compared with the HM Land Registry (HMLR) transaction data which have used in previous studies (AtisReal et al., 2004) , these VOA data have a greater number of attributes. The most significant additional attributes offered by the VOA data refer to floorspace and tenure details ( Figures A1 and A2) .
A key benefit of the VOA data over comparable transaction details collected from market sources is the fact that it is independently collected by a government agency, and therefore believed to be free from presentational bias. For the purposes of this analysis, the data used were collected from April 1997 to December 2003. The ability to use both transaction price and floorspace to derive the value of a property in pounds per square metre (£psm) normalises the data to some degree so that large properties can be compared to small ones.
Using a space-time interpolation model developed by Geofutures, the study team were able to estimate the value of residential, office and retail property at any location in the study area, and at any time 6 . For example, Figure A2 shows the value of residential property along part of the JLE in August 2001. The next stage required the mapping of the explanatory variables which would be used to explain this property valuation model, based on the premise that the more accessible a location is, the higher both residential and commercial property prices are likely to be. 
Mapping Accessibility
The data surface for accessibility ( Figures A3a and A3b) is derived from data generated by TfL's Capital accessibility model. Capital works by estimating how long it takes (in minutes) to reach each census enumeration district in Greater London from a particular location (in this case a JLE station) using the public transport network, including rail, tube and bus.
Part of the aim was to understand how the new JLE had changed accessibility, and hence perhaps property values. To do this, it was necessary first to measure accessibility as it was before the new line opened. Capital was used to measure the time taken to reach each enumeration district from the location of every JLE station using the current public transport system, excluding the JLE itself. Clearly, an issue with this assessment is the fact that a hypothetical situation has been created, and that other transport links (such as bus routes) have been added to integrate with the JLE, but these changes are not part of the analysis.
The technically non-existent JLE stations were chosen as the locations for this analysis since they offered completely new access points to the public transport network, and it is the potential impact of these changes on the property value indicator that is of greatest interest to this study. Using the standard interpolation techniques discussed earlier (Annex 1), the aggregate journey times at the enumeration district level are converted into a data surface ( Figure A3a ). The light blue areas are more accessible (by public transport) than the dark blue areas when travelling from the locations of the JLE stations. For example, without the JLE, it is quicker to access some locations north of the river than it is for others south of the river. When the JLE is introduced into the analysis, there is a marked increase in overall accessibility and the centre of gravity of the network shifts southwards ( Figure A3b ). Those locations which did not have immediate access to the tube network before the JLE (Southwark, Bermondsey and Canada Water) have seen a dramatic increase in public transport accessibility. Figure A3b : Current public transport accessibility including the JLE Source: AtisReal and Geofutures (2005) It is reasonable to expect that this increase will be reflected (to some degree) in the property markets. But the accessibility model only assesses public transport in terms of travel time, not in terms of passenger capacity. For example, in the Capital model, the Dockland Light Railway (DLR) is assessed in the same way as the JLE, even though the latter can carry thousands more passengers per hour. This means that the data surfaces will underestimate the potential impact of the JLE on public transport accessibility, and this may in turn lead to an underestimation of its impact on property values.
Other Important Explanatory Variables
A number of other important explanatory variables were identified and converted into data surfaces:
• Access to services -the proximity to shops and leisure activities can have a positive impact on property values.
• Proximity to schools -there is evidence that in many parts of the UK, the proximity of a good school has a positive effect on residential property values (e.g. Cheshire and Shepherd, 2003) .
• Environment and Commercial amenity -the quality of the local environment is important, especially in the housing market. Good views and proximity to green space can increase the value of house prices, and to a lesser degree, achievable rents in commercial premises.
• Car ownership -this indicator identifies those locations where people are more or less likely to use public transport to get around.
• Index of multiple deprivation -the housing market in areas of high deprivation is likely to be more subdued than in other areas.
All these variables were mapped as continuous data surfaces using a variety of spatial analytical techniques.
Assessing the Impact of the JLE on Property Values
GWR was carried out on the multiple chosen variables across the two study areas, within 2km of Southwark and Canary Wharf underground stations on the JLE. The river was used as a boundary to the analysis since it is known to create highly distinct neighbourhoods and hence property markets on its north and south banks. The markets were split into commercial and residential ( Figure A4a ), with commercial property split further between retail ( Figure A4b ) and office ( Figure A4c ). This means that a large sample size can be created for the hedonic model and the underlying geography of the property markets can be accurately reflected without any need for any arbitrary zonal geography. Figure A5 shows the average house price around Southwark station as a function of distance. As might be expected, house price (shown as the yellow line) declines with distance from both the station and by extension the river. When the public transport accessibility component of value (the purple line) is plotted, it can be seen that this contribution also declines, although less rapidly than general house prices. The importance of public transport accessibility has bottomed by the 1km mark, broadly in line with the zone of influence the literature review suggested (Section 4). The overall contribution of public transport to the changing values of property across the study period can now be calculated by multiplying the public transport accessibility parameter by the values of the accessibility surface calculated without the JLE (The light blue line in Figure A5 -at the bottom of the graph). The difference between the purple and blue lines represents the contribution to property values (in £psm) of the JLE. This is repeated for both Southwark and Canary Wharf stations and for the three property markets (Table A1) . The estimated total property value increase around Southwark and Canary Wharf Stations is over £2.1 bn and this can be solely attributable to the impact of the JLE. This increase would not have occurred if the extension had not been built (unfortunately due to a lack of transactional data the land value uplift cannot be estimated). In essence, results for Southwark showed the greatest effect of the JLE on residential property value, it was responsible for about 75% of total uplift, but overall the effect was less great than predicted. Some limitations of the data available may account for this, but the proximity of the area to central London also means that accessibility was less fundamentally changed than in other JLE station catchments. Around Canary Wharf station, the attributable effect of the JLE on commercial property is much greater. This study assumes that none of the completions in Canary Wharf between 1999 and 2002 would have occurred without the JLE.
One point to note is that these figures represent rising property and values attributable to the JLE around only two stations and for a specific period (December 1999 (December -2002 . However, there is also evidence that land and property values rose before the period investigated, and the method developed has encapsulated this "hope" value. In addition, the unearned benefit to land owners occurs over a much wider area than the station catchment areas examined here, and these beneficiaries include areas of London with easy bus access to JLE stations, station catchments at the northern end of the Jubilee Line (which now have direct access to Canary Wharf), and at the Jubilee Line interchanges with all London Underground Limited (LUL) lines. It is expected that these owners have also experienced increases in land value.
The analysis is comprehensive and detailed, but there are still improvements that can be made. The identification of impacts around both Southwark and Canary Wharf may be distorted by their proximity to Central London, and so change may be inherently difficult to measure. This comment is reinforced by the finding that the property markets close to other stations in the corridor appear to have undergone more dramatic and obvious change. The possibility of including a variable (or more than one) to reflect building quality would strengthen the analysis as it would help to differentiate between properties that had similar characteristics as reported in the VOA data. In particular, such a variable would have helped isolate differences between properties (mainly public housing in Southwark) that were in the higher density locations.
